In this study, we define the unrestricted Pell and Pell-Lucas quaternions. We give generating functions, Binet formulas and some generalizations of well-known identities such as Vajda's, Catalan's, Cassini's d'Ocagne's identities.
Introduction
Two well-known integer sequences are Pell and Quaternion algebra is a noncommutative division algebra.
The conjugate and norm of a quaternion = + + + are ̅ = − − − where p n and pl n are the nth Pell and Pell-Lucas numbers. They also gave a number of properties of these hyper-complex numbers including Binet formulas. Following them, Szynal-Liana and Wloch [5] studied on these type of quaternions. They gave matrix representations and norms of Pell and Pell-Lucas quaternions. Catarino [1] introduced k-Pell and k-Pell-Lucas quaternions and gave some identities for these types of quaternions. Tokeser, Unal and Bilgici [6] defined split Pell and Pell-Luas quaternions over the split quaternion algebra. They gave many identities for these quaternions such as generating functions, Binet formulas, Catalan's, Cassini's, d'Ocagne's identities. In all of these studies, successive
Pell and Pell-Lucas numbers were chosen as the coefficients of the standard basis 1, i, j, k. The contribution of these study is to select these coefficients randomly. The most important coefficients for us will be the real part, namely the coefficient of 1.
Preliminaries
In this section, we begin with the definitions of unrestricted Pell and Pell-Lucas quaternions. 
respectively.
One can easily see that in the case (x, y, z) = (1,2,3) our definitions reduce standard Pell and Pell-Lucas quaternions. By using the identities − = (−1) +1 and − = (−1)
, we see that 
The last equation gives Eq.(6). Similarly, we can obtain
Eq.(7).
From Eqs. (6) and (7), we get the following useful relation ̂̂+̂̂= 2 .
Results
In this section, we give a number or properties for the unrestricted Pell and Pell-Lucas quaternions. We start with the Vajda's identities. 
and
